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© Communication system. 



© A communication network (10,310) having a first 
broadband communications channel or transmitting 
bus (12U.312U) and a second broadband commu- 
nications channel or receiving bus (12D.31 2D) 
wherein the first broadband communications channel 
(12U. 31 2U) is for passing information upstream to a 
head end (14, 314) and the second broadband com- 
munications channel (12D. 31 2D) is for passing in- 
formation downstream from the head end (14, 314) 
to remote nodes (16. 18, 316, 318). All nodes of the 
system are coupled to both the first communications 
channel (12U, 31 2U) and the second communica- 
tions channel (12D, 31 2D). Modulation of signals 
applied to the first communcation channel (12U. 
^|312U) is optimized for burst communication from a 
^plurality of sources (16, 18, 316, 318) to central 
control at the head end (14.314), and modulation 
applied to the second communications channel (12D. 
CO 31 2D) is optimized for continuous communication 
m from the central source to a target node (16, 18, 316. 
00 31 8). 
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COMMUNICATION SYSTEM 



The present invention relates to a communica- 
tion system suitable for use as a local area network 
communication system, with combination of time- 
division of multiplexing and frequency-division mul- 
tiplexing in a multiple-channel broadband commu- 
nications environment. 

Many offices today use a network for transmis- 
sion of data between personal computers, terminals 
and other devices within the office. Several types 
of architecture are used. In a star network, all 
nodes are coupled to a central point of the star, 
which provides centralized control of the flow of 
data. The central control on such a system can 
multiplex data in time from different nodes by 
alternately holding data in a buffer from one or the 
other transmitting node until a timeslot is available. 
A central control unit provides the synchronization . 
necessary to insert data into assigned or available 
timeslots. One limitation of the star network is that 
the bandwidth available through the switch matrix is 
limited- Hence, means must be provided for mul- 
tiple nodes to transmit data to the central control 
unit within a common broadband frequency chan- 
nel. 

A further system architecture employed for 
data communication is a token ring network. In a 
token ring network, a single cable or communica- 
tion line is passed through each and every node, 
and a token packet is relayed from one node to the 
next, with the node desiring to transmit holding 
onto token packet until its communication period is 
terminated. A node cannot transmit unless it has 
the token, and therefore, only one node is permit- 
ted to transmit at any time. This type of time- 
division multiplexing transmits data in irregular 
bursts, rather than in assigned time slots. This type 
of transmission is appropriate for data communica- 
tions which typically occur in infrequent long 
bursts. Voice communications, on the other hand, 
require a substantially continuous connection over 
an extended period of time. 

A still further data communication system ar- 
chitecture often employed for data communication 
is the Ethernet system. In the Ethernet system, a 
data node listens to see if the channel is in use 
before transmitting. While transmitting, the data 
node listens to determine if the data transmitted is 
received in the same form. If the received data 
differs, then it is assumed another node transmitted 
at the same time, resulting in a collision, and thus 
in scrambled data. The transmitting node then re- 
transmits a packet at a random time later. Thus, 
neither central control of the network bandwidth 
acquisition of time slots nor central timing is need- 
ed. 



The following patents were uncovered in a 
search for three-level frequency shift keyed (FSK) 
modulation systems. 

Digital Data Modulator and Digital-to-analog 

5 Converter. U.S. Patent No. 4,686.490. This patent 
discloses a digital modulator for selectably generat- 
ing differential phase shift keyed (PSK) data signals 
and frequency shift keyed (FSK) data signals. A 
dibit encoder converts scrambled dibit into two 

w phase-shifting control signals. A three-tap finite im- 
pulse response filter generates carrier phase sig- 
nals by splitting each cycle of the selected carrier 
clock into eight phases, and, for psk operation, 
provides phase shifting in response to the two 

;s phase-shifting control signals. A multiplexer selects 
one of the phase-shifter high frequency clocks in 
response to the carrier phase signals. A signal 
selector converts the selected phase-shifted high 
frequency clock signal into a pulse width-modu- 

20 lated clock signal. The signal filter provides the 
PSK/FSK data signal by integrating the pulse width 
modulated clock signal and also provides band 
pass filtering to clean up the waveform. The result 
is reported to be a PSK/FSK data signal with low 

25 distortion, reduced transient dc, and decreased 
sensitivity to temperature and component selection 
since bit weighting resistors are not required to 
generate the output waveform. Also disclosed is a 
digitai-to-analog converter/data modulator for gen- 

30 erating FSK and PSK data signals and a method 
for generating frequency-modulated signals. 

Processes for Generating Duo-binary FSK, 
Tamed FSK and TFM Modulations and Modulators 
Applying Those Processes. U.S. Patent No. 

35 4.426,710. This patent discloses methods to obtain 
a duo-binary FSK modulation, wherein the modulat- 
ing binary signal train has a three state partial 
response and is fed through a precoding. a 
transition-type coding, a simplified msk modulation 

40 at the carrier frequency, a frequency division by 
two, and a multiplication by the same sign^ de- 
layed by one binary element period. In orger to 
obtain a "tamed FSK" modulation, the modulating 
binary signal train has a five state partial response 

45 and is fed through precoding, a transition-type cod- 
ing, a simplified msk modulation at the carrier 
frequency, a frequency division by two. a mul- 
tiplication by the same signal delayed, for one part, 
by one binary element period and, for another part, 

so by two binary element periods. A tfm modulation is 
obtained by using the FSK duo-binary generating 
process. In a tfm modulator, a train of binary sig- 
nals is applied to a partial response precoding 
circuit, the output of which is connected to a 
transition-type coding circuit, the output of which is 
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connected to the input of a simplified msk modula- 
tor. 

Data Encoding and Decoding Communication 
System for Three Frequency FSK Modulation and 
Method Therefor. U.S. Patent No. 4,425.666. This 
patent discloses a system for three frequency FSK 
modulation wherein binary data bits are sequen- 
tially encoded into a ternary system of channels 
designated "1", "0" and "C". so that a data bit is 
encoded and transmitted in a M C" channel when- 
ever it is the same as the previous data bit and 
wherein a transmission in the W C" channel is de- 
coded as a continuation of the previous data bit. 
The data clock is recovered from the data stream 
at the transition between data bits and repeated 
data bits are detected as errors. 

The following patent was uncovered in a 
search for quadrature phase shift keyed (QPSK) 
demodulation systems as they might relate to the 
subject invention: 

Rapid Acquisition Shift Keyed Signal De- 
modulator, U.S. Patent No. 4.359.692. This patent 
describes a prior demodulator suitable for QPSK 
which requires a voltage controlled oscillaotr in the 
acquisition loop. The present invention does not 
require a voltage controlled oscillator in the acquisi- 
tion loop and as a consequence is much faster in 
reaction. 

The following patents were uncovered in refer- 
ence to a Maximum Likelihood Detection Circuit as 
referred to in this application: 

Carrier Synchronization and Symbol Synchro- 
nization in Offset QPSK Burst Communications, 
U.S. Patent No. 4.313.205. This patent describes a 
carrier synchronization scheme based on average 
phase over a periodic interval and wherein phase 
synchronization is achieved by reliance on the fil- 
tered and demodulated upper sideband of the out- 
put of a delay and multiply circuit. 

Method for Determining the Optimum Sampling 
Times for a QPSK or QAM Received Signal, U.S. 
Patent No. 4,520,492. This patent describes a de- 
tector system wherein the amplitude of two quadra- 
ture components of a received signal are coupled 
and the point of identical amplitude is selected as 
the point of sampling. 

According to the invention a modulation and 
demodulation system is provided for a network 
having a first broadband communications channel 
or transmitting bus and a second broadband com- 
munications channel or receiving bus. wherein the 
first broadband communications channel is for 
passing information upstream in bursts to a head 
end and the second broadband communications 
channel is for passing information downstream con- 
tinuously from the head end to remote nodes. All 
nodes of the system are coupled to both the first 
communications channel and to the second com- 



munications channel. According to the invention, 
modulation of signals applied to the first commu- 
nication channel is optimized for burst communica- 
tion from a plurality of sources to a central or head 
5 end node, and modulation applied to the second 
communications channel is optimized for continu- 
ous communication from the central node • to a 
target node. Two-way voice communication and 
two-way data communication can be supported si- 
w multaneously through such a dual-channel system. 
A system according to the invention uses a rela- 
tively small number of channels available in a 
broadband environment such that it can coexist 
with third party equipment as used in a cable 
75 television or closed circuit television system em- 
ploying coaxial cabling. 

In a specific embodiment of the invention, 
communication between remote nodes and a cen- 
tral control unit is provided via three-level class 
20 four partial response modulation on a frequency 
shift keyed carrier wherein packets are commu- 
nicated as bursts. Three-level class four partial 
response modulation provides a one bit per Hertz 
efficiency and exhibits a power spectral density of 
25 zero energy for zero input regardless of the dif- 
ferential encoding of previous states. This type of 
partial response coding is characterized by zero 
energy at d.c. 

In another specific embodiment of the inven- 
30 tion, communication between remote nodes and a 
central control unit is provided via differential offset 
quadrature phase shift keyed (QPSK) modulation 
on a carrier wherein packets are communicated as 
bursts. This type of modulation provides a one bit 
35 per Hertz efficiency. 

In contrast, the communication between the 
central unit (head end) and any one of a choice of 
target nodes through the second communication 
channel is by means of three-level class one partial 
40 response AM-PSK modulated onto a carrier, which 
is optimized for continuous operation. Class one 
partial response is an ideal format where continu- 
ous communication is contemplated because the 
modulator and demodulator is simple and the de- 
45 modulator is particularly inexpensive, which makes 
it suitable for use in a large number of slave 
receivers. In addition, means are provided for syn- 
chronizing the phase of signals received from re- 
mote nodes due to differences in distances be- 
so tween the remote nodes and the head end. 

The invention is further described below, by 
way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a block diagram of a communica- 
55 tions system according to the invention. 

Figure 2 is a depiction of the frequency 
spectrum for a class four partial response signal. 
Figure 3 is a block diagram of a specific 
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embodiment of a receiver and transmitter within a 
head end or central control node according to the 
invention. 

Figure 4 is a block diagram of a maximum 
likelihood detector (MLD) according to the inven- 
tion 

Figure 5 is a detailed block diagram of the rf 
section of a remote node for reception of a signal 
from the central control node and for transmission 
of a signal to the central control node according to 
the invention. 

Figure 6 is a block diagram of a communica- 
tions system according to the invention. 

Figure 7 is a block diagram of a specific 
embodiment of a receiver and transmitter within a 
head end or central control node according to the 
invention. 

Figure 8 is a block diagram of a maximum 
likelihood detector (MLD) according to the inven- 
tion. 

Figure 9 is a detailed block diagram of the rf 
section of a remote node for reception of a signal 
from the central control node and for transmission 
of a signal to the central control node according to 
the invention. 

Referring to Figure 1 , there is shown a commu- 
nication system in accordance with the invention 
which comprises wideband media, preferably 
broadband coaxial or fiber optic cables, capable of 
supporting a plurality of channels simultaneously, 
herein designed medium 12, a head end device, 
commonly designated the head end retransmission 
unit (HRU) 14, and a plurality of node devices, 
herein node device A 16 and node device B 18 by 
way of example. Node devices A and B are. for 
example, voice interface units (VI U), each of which 
is respectively coupled to a telephone 20, 22. In 
addition, there may be other nodes, not shown, for 
connecting to the public switch telephone network, 
to a network manager or the like. 

Each of the nodes is connected to the medium 
12 through taps 24, 26. respectively, which in turn 
feed a tap transmission line 28, 30, respectively. In 
the preferred embodiment, tap transmission lines 
28, 30 are of the same medium as medium 12, 
capable of supporting multiple channels of commu- 
nication. 

The medium 12 and the tape transmission 
lines 28 and 30 support band-limited channels of 
communication, typically of about 6 MHz band- 
width per channel. In a coaxial embodiment, there 
are two groups of channels, typically eight chan- 
nels in each group designed upstream channels 
and downstream channels. Upstream channels 
may, for example, be selected in the frequency 
spectrum between about 56 MHz and 100 MHz. 
The downstream channels may, for example, be 
selected to be in the frequency region between 



about 145 MHz and 195 MHz. all preferably having 
modulators and demodulators designed to operate 
within the defined spectrum of CATV. 

According to the invention, signals originating 

5 at the node A 16 are supplied through tap 24 to 
one of a selected upstream channels 12U of the 
medium 12 to the HRU 14 wherein the signal is 
processed and rebroadcast to a downstream chan- 
nel 12D of the medium 12 wherein it is intercepted 

jo at node B 18, processed and provided to the 
designated output device, such as telephone 22. 
According to the invention, the modulation scheme 
supported on the upstream channel 12U is different 
than the modulation scheme supported on the 

/s downstream channel 12D, the upstream channel 
12U supporting a modulation scheme of burst com- 
munication, and the downstream channel 12D sup- 
porting a modulation scrteme^of continuous broad- 
cast communication. In the preferred embodiment, 

20 the modulation schemes have an efficiency of 1 bit 
per Hertz (B/Hz), and the downstream channel con- 
tains sufficient information to recover a clock sig- 
nal. 

The HRU 14 comprises a diplex filter 32, coup- 

25 led to the medium 12 for separating the incoming 
signals on the upstream channel 12U from signals 
placed on the downstream channel 12D. The diplex 
filter has an output coupled through a signal line 34 
to a receiver 36 and has an input coupled to a 

30 signal channel 38 connecting it with a transmitter 
40. The receiver 36 is a receiver suited to demodu- 
late and detect a signal applied through the up- 
stream channel 12U to the HRU 14. In a specific 
embodiment according to the invention, the re- 

35 ceiver 36 comprises a superhetrodyne frequency 
shifter 42 whereby the broadband signal is shifted 
to an intermediate frequency, a bandpass filter 44 
coupled to receive the output of the super- 
hetrodyne frequency shifter 42, a li miter circuit 46 

40 coupled to receive the output of the baseband filter 
44, a discriminator circuit 48 coupled to receive the 
output of the limiter circuit 46, and a three-level to 
two-level converter 50 coupled to receive the out- 
put of the discriminator circuit 48. The three-level 

45 to two-level converter converts three-level data into 
two-level data for further processing. The output of 
the converter 50 is provided to a maximum likeli- 
hood detector (MLD) 52, the function of which is to 
adjust in time the bit position of each received 

so signal so that the system clock can strobe received 
data in the middle of the signal representing the 
digital bit. Its output is provided to a transmitter 40, 
in a preferred embodiment, in a three-level code, 
initially to a baseband filter 54. The output of the 

55 baseband filter 54 of the transmitter 40 is provided 
to an equalizer 56, the output of which is provided 
to a modulator 58. The modulator 58 modulates the 
data signal to the chosen downstream channel fre- 
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quency for transmission. The output of the modula- 
tor 58 is provided to an amplifier 60, which, in one 
or more amplifier stages, generates sufficient RF 
signal output to support signals in the downstream 
channel 12D. The output of the amplifier 60 is 
provided on signal line 38 to the diplex filter 32 
which in turn directs the signal to the downstream 
channel 12D. 

Signals are supplied to the medium 12 from 
the nodes, for example, from node device A 16. 
Node device A 16 receives a signal in appropriate 
format from a telephone or data source, which is 
formatted in an appropriate voice/data processor 
62. The voice/data processor 62 generates the 
formats with protocols necessary to supply the 
information in its appropriate hierarchy of transmis- 
sion. The details of a the voice; data processor 62 
depend on the nature of protocols not directly 
relevant to the present invention. 

Encoded data is applied from the voice/data 
processor 62 to a transmitter 64. The transmitter 64 
includes an encoder 66 and a modulator 68 oper- 
ative in accordance with a specific embodiment of 
the invention. The encoder 66 is coupled to receive 
a digital data stream from the voice/data processor 
62 and to supply an encoded signal to the modula- 
tor 68, and the modulator 68 modulates the en- 
coded signal to the appropriate channel of the 
upstream channel 12U. The output of the modula- 
tor 68 is supplied to a diplex filter 70 which is 
coupled to the tap transmission line 28. Signals 
received through the diplex filter 70 on the tap 
transmission line 28 from the downstream channel 
12D are coupled to a receiver 72, which is a 
subsystem suited to receive signals on the down- 
stream channel as encoded via MLD 52 of the HRU 
14. 

The subsystems and elements of the node B 
device 18 are identical to those of the node A 
device 16 and have been so designated. Referring 
to the node B device 18, an example of one 
specific receiver 72 in accordance with the inven- 
tion, is illustrated. The receiver 72 of the node B 
device 18 comprises an envelope detector 74 
coupled to receive signals from the diplex filter 70 
and to provide a detected signal to a decoder 76 
whereby received data is output to a voice data 
processor 62. Associated with a decoder 76 is a 
clock recovery circuit 78 which is operative to 
extract a clock signal from the received data and to 
apply the recovered clock to the decoder 76 as 
well as to the voice/data processor 62. 

In accordance with a specific embodiment of 
the invention, the transmitter 64 of the node de- 
vices 16. 18 employs a class 4 three level partial 
response modulation scheme having three frequen- 
cy shift keyed frequencies, Fo-A, F 0 and F 0 +A, 
where in the specific embodiment, delta is approxi- 



mately 2 MHz. Class 4 partial response modulation 
in three levels provides a bit efficiency of 1 bit per 
Hertz. Class 4 is employed because it is a line 
code having no energy at d.c. Referring to Figure 
5 2, there is shown a power spectrum of a class 4 
signal. At the d.c. point 101 and at the point of 
twice the center frequency 103. the power in the 
power spectrum is always zero. At the center fre- 
quency point 105, the power is maximum. In the 
w present embodiment, the power spectrum center 
frequency has been selected to be 2.5 MHz. Thus, 
the full bandwidth of the class 4 spectrum is 5 MHz 
with no energy at d.c. or above 5 MHz. Because 
there is no energy into d.c. there is no need to 
is provided direct coupling for the three-level data to 
a frequency shift keyed oscillator. Consequently, 
the frequency shift keyed oscillator can be phase 
locked through a narcow bandwidth phase locked 
loop, that is. a loop having a bandwidth of less than 
20 5 MHz, to the correct center frequency. When 
signal modulation is added to provide class 4 three 
level modulation at baseband, it will deviate the 
carrier outside of the loop bandwidth and thus 
produce the desired modulation at the appropriate 
25 channel frequency. 

Class 4 code is a unique line code in that it 
produces a zero output at the conclusion of each 
packet regardless of the differential encoding com- 
prising some of the states characteristic of a partial 
30 response code. The partial response produces an 
output which is the sum of the present modulation 
state or level and the previous modulation state or 
level. The modulation format herein employed ac- 
cording to a specific embodiment of the invention 
35 gives one bit per Hertz spectral efficiency and yet 
has zero energy at d.c. 

Figure 3 illustrates a specific embodiment of a 
receiver 36 and a transmitter 40 within the head 
end device 14. In accordance with the invention. 
40 the receiver 36 is adapted to receive digital data in 
a first structured form and the transmitter 40 is 
adapted to relay the same digital data in a struc- 
tured form different from the received form. Within 
the receiver 36 is a superhetrodyne frequency 
45 shifter 42 which comprises a frequency synthesizer 
80 coupled to a mixer 82 to which is supplied the 
input signal from signal line 34 through an amplifier 
84. The output of the mixer 82 is provided to the 
bandpass filter 44, which is a filter network produc- 
so ing an output signal at an intermediate frequency 
(IF). The center frequency of the signal may. for 
example, be about 25 MHz, and the filter 44 may 
have a center frequency of about 25 MHz with a 
bandwidth of about 6 MHz. 
55 The output of the baseband filter 44 may be 

provided to an amplifier 86 which in turn is coupled 
to carrier detector circuit 88 and also to a limiter 
circuit 46. The carrier detector circuit may include 
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a conventional envelope detector 90. such as a 
diode, the output of which is coupled through a 
lowpass filter 92 to a comparator 94. The output of 
the comparator 94 is a two-level signal indicating 
presence or absence of a carrier. 

The limiter circuit 46 may comprise a cascade 
of one or more limiter modules 96 which may 
optionally be a.c.-coupled through a capacitor 98 to 
one another and then coupled to the frequency 
discriminator circuit 48. Because there is no energy 
at d.c. there is no need to direct couple to the 
frequency discriminator 48. The frequency dis- 
criminator 48 includes, for example, an amplifier 
100 coupled to a power splitter 102. The power 
splitter 102 has an output coupled through a delay 
circuit 104, which introduces, for example, a 75 
nanosecond delay, and another output is provided 
to a mixer 106. A second input from the mixer 106 
is from the delay circuit 104, thereby mixing two 
signals which in turn produces a product which is 
provided to a lowpass filter 108. The output of the 
lowpass filter 108 is provided to an equalizer 110, 
the output of which is three-level data representing 
1 , 0 and -1 . Three level data is fed to a three-level 
to two-level converter circuit 50 which is activated 
when the carrier detect signal is logically True from 
carrier detector 88. A switch 112 serves to activate 
the converter 50. The converter 50 consists of first 
and second comparators 114 and 116, the outputs 
of which are fed through an OR gate 1 1 8 to a two 
level data output line 120. The comparators 114 
and 116 are respectively referenced to a positive or 
high-voltage reference 115 at a noninverting termi- 
nal and to a negative or low-voltage reference 1 1 7 
at an inverting terminal such that three distinct 
input levels at the respective comparator inputs are 
converted to either a True (representing the pres- 
ence of a 1 or -1 signal level) or a False 
(representing a signal level between the respective 
voltage reference threshold levels). 

The output on the two-level data output line 
120 is provided to the MLD 52, as explained 
hereinbelow. 

The transmitter section 40 comprises a 
baseband filter 122 which receives three-level input 
data from the MLD 52 and provides an output 
signal to an equalizer 124. The output of the equal- 
izer 124 is fed through attenuator 126 as necessary 
to provide output level adjustment and thereafter, 
through a mixer 127 which also received an input 
from a frequency synthesizer 128 and produces an 
output at the desired output frequency for the 
downstream channel 12D (Figure 1) through the 
amplifier 128 and the diplex filter 32. The modula- 
tion provided by the transmitter 40 is a three-level 
class one partial response encoding scheme AM- 
PSK modulated onto a carrier, which yields one bit 
per Hertz spectral efficiency. Class one partial re- 



sponse modulation is a preferred format for simple 
modulators and demodulators where the signal is 
operating is a continuous mode. Where the signal 
is continuous, a received signal can be averaged 

s and used to produce an automatic gain control 
signal to provide the desired gain. The signal origi- 
nates as a burst signal at the head end. However, 
in the MLD 52. the signal is merged with a head- 
end pseudo signal consisting of a bit stream of 1 0 

w 1 0 1 0 in the preferred implementation. Information 
from the source of burst signal is merged to pro- 
vide the desired encoding. Thus, the head end 
transmitter 40 always generates and transmits a 
continuous carrier to the downstream channel 12D. 

75 Referring to Figure 4, there is shown a block 
diagram of one type of maximum likelihood detec- 
tor (MLD) 52 suitable for use in accordance with 
the invention. The. MLD 52 comprises a shift regis- 
ter 130. a bit stream combiner 132 and a two-level 

20 to three-level data converter 1 34. The shift register 
130 has associated therewith a high-speed clock 
136 and a bit synchronizer 138. The bit stream 
combiner 132 has associated therewith a continu- 
ous pseudo data source 140, a function of which is 

25 to provide a continuous string of pseudo data, for 
example. 10 10 10 format data in a pseudo-idle 
state. The bit stream combiner combines data re- 
ceived from the continuous pseudo data source 
140 and data received from the shift register 130 

30 into a continuous data stream. The continuous data 
steam is then provided to the data converter 134 
where two level data is converted to three level 
data. The output of the data converter 134 is coup- 
led to the transmitter of the HRU 14. 

35 The purpose of the MLD 52 is to align data for 

optimum reception. The various signals received in 
burst mode through the HRU receiver 36. Each 
exhibit different phases as a result of differences in 
distance along the upstream channel 12U from the 

40 HRU 14, as well as differences in filter delays and 
differences in the phase of any local clock. The 
MLD 52 adjusts for differences in the phase of the 
input data so that the system clock used in con- 
nection with receiving the data in a synchronous 

45 format can strobe the received data at or near the 
midpoint of the bit in the bit stream. To this end. 
the shift register 130 is clocked by a high speed 
clock 136 at, for example, eight times the input 
data rate whereby each input bit is shifted to eight 

so possible positions in turn for output at a selected 
tap 142, 144, 146, 148. 150, 152, 154 or 156. In the 
specific embodiment, each tap of the shift register 
thus presents an output data stream differing in 
time delay by one eight bit from the adjacent tap. 

55 The bit synchronizer 138 monitors each one of the 
taps and selects by means of appropriate optimiz- 
ation a bit stream from one of the taps, providing 
as its output a bit stream to the bit stream com- 
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biner 132. The bit synchronizer 138 may, for exam- 
pie, include a multiplexer and means for checking 
each of the input bit streams for errors due to 
sampling at a less than optimum phase. Should it 
be deemed unnecessary to adjust the phase auto- 
matically, the bit synchronizer may comprise a 
simple selector switch coupling one selected tap 
through to the bit stream combiner 1 32. 

MLD 52 operates by having the bit synchro- 
nizer 138 examine the data bits as they pass along 
the shift register 130. The time relationship be- 
tween the rising edges and the falling edges of the 
data bits are compared to those of the system 
clock. Based upon the calculations made by the bit 
synchronizer 138, the appropriate shift register tap 
among the eight possible taps 142-156 is used to 
extract the data and send it to the bit stream 
combiner 132. This calculation estimates the center 
of the data bit. 

The center of the data bit must be known 
relative to the system clock. (The system clock is 
derived from the high speed clock 136 which also 
runs the shift register 130.) The bit synchronizer 
138 examines one of the lines 142-156 and notes 
when the edges of the data bits occur with respect 
to each other and with respect to the system clock. 
The time relationships are measured in terms of 
the periods of the high speed clock 136. This 
examination occurs on the first portion of the in- 
coming data stream which has a preamble espe- 
cially designed to ease the task of the bit synchro- 
nizer (usually a 1 0 1 0 1 0 1 0 sequence) and also 
to allow the synchronization process to occur be- 
fore the message bits arrive. 

Referring again to Figure 5, the data clock CLK 
phase 1 and CLK phase 2, at the nodes is derived 
from the bit rate of the continuous downstream bit 
rate transmitted by the head end 14. Thus, the 
burst transmissions from the nodes 16. 18 to the 
head end 14 are at a frequency known to the head 
end 14 but at an unknown phase. Once the MLD 
52 determines the phase, that phase is constant 
throughout the burst transmission from the node 1 6 
or 18. Therefore, once the MLD 52 ascertains the 
phase of the preamble it does not make any further 
adjustments for the remainder of the burst trans- 
mission from the node 16 or 18. 

The center of the bit times are calculated by 
taking the bit period, that is, the time between the 
start and the end of a bit as measured in high 
speed clock 136 periods, and dividing by two. This 
measurement can be made by a counter within bit 
synchronizer 138 which is started when a bit transi- 
tion occurs and is stopped when the next transition 
occurs. A similar counting method can be used to 
determine the time relationship between the bit 
edges and the master clock edges. The appro- 
priate shift register 130 output 142-156 to take the 



data from is found from the time relationships be- 
tween the data edges and the master clock edge. 
The implementation can be done from a look-up 
table in a memory within the bit synchronizer 138 

s or can be calculated in real time with either hard- 
wired logic or a fast dedicated microprocessor. 

Within the transmitter 40. the output of the 
equalizer 124 through the attenuator 126 is pro- 
vided to a mixer 127. the output of which is coup- 

w led to the amplifier 128. The mixer 127 is coupled 
to a frequency synthesizer 129 which supplies the 
local oscillator signal used to select the channel for 
the downstream channel 12D. 

Referring now to Figure 5. there is shown a 

/s detailed block diagram of the RF section of a node 
device, for example, node device B 18 in accor- 
dance with the invention, having a receiver 72, a 
diplexer 70 and transmitter. 64 and voice/data pro- 
cessor 62. Understanding of the voice/data proces- 

20 sor 62 is not necessary to understand the present 
invention. Its function is to provide transmit data to 
the transmitter 64, together with any clock signals 
and control signals, and to receive data from the 
receiver 72, as well as a master clock signal and 

25 other related clock signals. 

Referring to the receiver 72, there is shown a 
simple detector 74 with decoder 76 and clock 
recovery circuit 78. The circuitry operates at an 
intermediate frequency, and to this end is provided 

30 with an intermediate frequency bandpass filter 150 
with a center frequency of 57 MHz and a band- 
width of 6 MHz. It is coupled to receive a signal 
from a mixer 152 which is coupled to receive a 
local oscillator signal from a local oscillator 154 and 

35 the information-carrying signal through a buffer am- 
plifier 156. The output of the IF bandpass filter 150 
is coupled to an automatic gain control circuit 152. 
The output of the automatic gain control circuit 152 
is coupled to the detector 74, which may be a 

40 diode type envelope detector. A data recovery cir- 
cuit 76 is coupled to received the output of the 
envelope detector 74. 

The signal received through the diplex filter 70 
is a partial response three level class one signal. 

45 which has a desired a one bit per Hertz spectral 
efficiency. The class 1 partial response format is an 
ideal format for a simple modulator and demodula- 
tor so long as the system is operating in a continu- 
ous mode. The operation in a continuous mode 

so allows the incoming signal to produce an AGC 
signal at the AGC circuit 152 providing compensa- 
tion for the dynamic range of variations which can 
be expected at the input. The data recovery circuit 
is a simple bit synchronous detector which allows 

55 recovery of the bit stream in connection with the 
recovered clock signal from a clock recovery circuit 
78. The data recovery circuit may, for example, be 
a J-K flipflop clocked by a recovered clock signal. 
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where its output is fed to a suitable buffer of the 
voice. data processor 62. The clock recovery circuit 
78. may be a voltage controlled oscillator which is 
steered or triggered by the edge of the transitions 
derived from data extracted from the data recovery 
circuit. 

The transmitter 64 comprises a class four three 
level encoder 71 coupled through a bandpass filter 
160 to a burst modulator 68. The output of the 
burst modulator 68, which is an analog phase 
locked loop, is coupled to a bandpass filter 162. 
the output of which is coupled through a mixer 164 
which is coupled to a local oscillator 166. The 
output of the mixer 164 is provided through a gain 
adjustment circuit 168 to an output amplifier 170. 
and the output amplifier 170 is fed through a PIN 
switch 172 to the diplex filter 70. The PIN switch 
1 72 is controlled by a transmit enable line 1 74 and 
is used to gate the signal burst applied through the 
diplex filter to the tap transmission line 30. 

The burst modulator 68 comprises a phase- 
locked loop consisting of a steered oscillator 176 
having one output coupled to an output buffer 
amplifier 178 and another output coupled to a 
divide-by-20 circuit 180. the output of which is 
coupled to a phase detector 184 which compares 
phase with a stable frequency source 186. The 
output of the phase detector 184 is coupled to a 
loop filter 182 whose output is coupled to a sum- 
ming junction 188 which also receives as input the 
output of the baseband filter 160. When there is no 
data being received from the voice/dataprocessor 
62, the class IV 3 level decoder (71) output is at 
zero volts and zero energy, which allows the phase 
locked loop feedback circuit in the burst modulator 
68 to remain at the center of the three possible 
frequencies. The switch 172 is in the off condition 
during these times. When the voice/data processor 
62, has data to be transmitted, it turns on the 
switch 172 which allows a signal to be sent to the 
diplex filter 70. The class IV 3 level encoder 71 
then receives data from the voice/data processor 
62 and passes it to the burst modulator 68 via the 
baseband filter 160. This frequency modulates the 
burst transmitter 68 between the three possible 
frequencies in accordance with the 3 level encoded 
data. At the end of the data packet, the class IV 3 
level encoder output is at zero volts and zero 
energy, and the switch 1 72 is turned off. 

Referring to Figure 6, there is shown a commu- 
nication system in accordance with the invention 
which comprises wideband media, preferably 
broadband coaxial or fiber optic cables, capable of 
supporting a plurality of channels simultaneously, 
herein designed medium 312, a head end device, 
commonly designated the head end retransmission 
unit (HRU) 314, and a plurality of node devices, 
herein node device A 316 and node device B 318 



by way of example. Node devices A and B are. for 
example, voice interface units (VIU), each of which 
is respectively coupled to a telephone 320, 322. In 
addition, there may be other nodes, not shown, for 

s connecting to the public switch telephone network, 
to a network manager or the like. 

Each of the nodes is connected to the medium 
312 through taps 324, 326. respectively, which in 
turn feed a tap transmission line 328, 330. respec- 

w tively. In the preferred embodiment, the tap trans- 
mission lines 328, 330 are of the same medium as 
medium 312, capable of supporting multiple chan- 
nels of communication. 

The medium 312 and the tap transmission 

15 lines 328 and 330 support band-limited channels of 
communication, typically of about 6 MHz band- 
width per channel. In a coaxial embodiment, there 
are two groups of channels, typically eight chan- 
nels in each group designed upstream channels 

20 and downstream channels. Upstream channels 
may. for example, be selected in the frequency 
spectrum between about 56 MH2 and 100 MHz. 
The downstream channels may, for example, be 
selected to be in the frequency region between 

25 about 145 MHz and 195 MHz. all preferably having 
modulators and demodulators designed to operate 
within the defined spectrum of CATV. 

According to the invention, signals originating 
at the node A 316 are supplied through tap 324 to 

30 one of a selected upstream channels 31 2U of the 
medium 312 to the HRU 314 wherein the signal is 
processed and rebroadcast to a downstream chan- 
nel 31 2D of the medium 312 wherein it is inter- 
cepted at node B 318, processed and provided to 

35 the designated output device, such as telephone 
322. According to the invention, the modulation 
scheme supported on the upstream channel 31 2U 
is different than the modulation scheme supported 
on the downstream channel 31 2D, the upstream 

40 channel 312U supporting a modulation scheme of 
burst communication, and the downstream channel 
31 2D supporting a modulation scheme of continu- 
ous broadcast communication. In the preferred em- 
bodiment, the modulation schemes have an effi- 

45 ciency of one bit per Hertz (B/Hz). and the down- 
stream channel contains sufficient information to 
recover a clock signal. 

The HRU 314 comprises a diplex filter 332, 
coupled to the medium 312 for separating the 

so incoming signals on the upstream channel 312U 
from signals placed on the downstream channel 
31 2D. The diplex filter has an output coupled 
through a signal line 334 to a receiver 336 and has 
an input coupled to a signal channel 338 connect- 

55 ing it with a transmitter 340. The receiver 336 is a 
receiver suited to demodulate and detect a signal 
applied through the upstream channel 31 2U to the 
HRU 314. In a specific embodiment according to 
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the invention, the receiver 336 comprises a super- 
hetrodyne frequency shifter 342 whereby the 
broadband signal is shifted to an intermediate fre- 
quency, a bandpass filter 344 coupled to receive 
the output of the superhetrodyne frequency shifter 
342. a limiter circuit 346 coupled to receive the 
output of the baseband filter 344, a QPSK de- 
modulator circuit 348 coupled to receive the output 
of the limiter circuit 346. The output of the QPSK 
demodulator 348 is provided to a maximum likeli- 
hood detector (MLO) 352, the function of which is 
to adjust in time the bit position of each received 
signal so that the system clock can strobe received 
data in the middle of the signal representing the 
digital bit. Its output is provided to a transmitter 
340, in a preferred embodiment, in a three-level 
code, initially to a baseband filter 354. The output 
of the baseband filter 354 of the transmitter 340 is 
provided to an equalizer 356. the output of which is 
provided to a modulator 358. The modulator 358 
modulates the data signal to the chosen down- 
stream channel frequency for transmission. The 
output of the modulator 358 is provided to an 
amplifier 360. which, in one or more amplifier 
stages, generates sufficient RF signal output to 
support signals in the downstream channel 31 2D. 
The output of the amplifier 360 is provided on 
signal line 338 to the diplex filter 332 which in turn 
directs the signal to the downstream channel 31 2D. 

Signals are supplied to the medium 312 from 
the nodes, for example, from node device A 316. 
Node device A 316 receives a signal in appropriate 
format from a telephone or data source, which is 
formatted in an appropriate voice/data processor 
362. The voice/data processor 362 generates the 
formats with protocols necessary to supply the 
information in its appropriate hierarchy of transmis- 
sion. The details of a the voice/data processor 362 
depend on the nature of protocols not directly 
relevant to the present invention. 

Encoded data is applied from the voice/data 
processor 362 to a transmitter 364. The transmitter 
364 includes an encoder 366 and a modulator 368 
operative in accordance with a specific embodi- 
ment of the invention. The encoder 366 is coupled 
to receive a digital data stream from the voice/data 
processor 362 and to supply an encoded signal to 
the modulator 368, and the modulator 368 modu- 
lates the encoded signal to the appropriate channel 
of the upstream channel 31 2U. The output of the 
modulator 368 is supplied to a diplex filter 370 
which is coupled to the tap transmission line 328. 
Signals received through the diplex filter 370 on 
the tap transmission line 328 from the downstream 
channel 31 2D are coupled to a receiver 372, which 
is a subsystem suited to receive signals on the 
downstream channel as encoded via MLD 352 of 
the HRU 314. 



The subsystems and elements of the node B 
device 318 are identical to those of the node A 
device 316 and have been so designated. Referring 
to the node B device 318, an example of one 
5 specific receiver 372 in accordance with the inven- 
tion, is illustrated. The receiver 372 of the node B 
device 318 comprises an envelope detector 374 
coupled to receive signals from the diplex filter 370 
and to provide a detected signal to a decoder 376 
io whereby received data is output to a voice data 
processor 362. Associated with a decoder 376 is a 
clock recovery circuit 378 which is operative to 
extract a clock signal from the received data and to 
apply the recovered clock to the decoder 376 as 
j 5 well as to the voice/data processor 362. 

In accordance with a specific embodiment of 
the invention, the transmitter 364 of the node de- 
vices 316, 318 employs an offset quadrature phase 
shift keyed modulation which provides a bit effi- 
20 ciency of one bit per Hertz. 

Figure 7 illustrates a specific embodiment of a 
receiver 336 and a transmitter 340 within the head 
end device 314. In accordance with the invention, 
the receiver 336 is adapted to receive digital data 
25 in a first structured form and the transmitter 340 is 
adapted to relay the same digital data in a struc- 
tured form different from the received form. Within 
the receiver 336 is a superhetrodyne frequency 
shifter 342 which comprises a frequency synthe- 
30 sizer 380 coupled to a mixer 382 to which is 
supplied the input signal from signal line 334 
through an amplifier 384. The output of the mixer 
382 is provided to the bandpass filter 344, .which is 
a filter network producing an output signal at an 
35 intermediate frequency (IF). The center frequency 
of the signal may, for example, be about 25 MHz, 
and the filter 344 may have a center frequency of 
about 25 MHz with a bandwidth of about 6 MHz. 
The output of the baseband filter 344 may be 
40 provided to an amplifier 386 which in turn is coup- 
led to carrier detector circuit 388 and also to a 
limiter circuit 346. The carrier detector circuit may 
include a conventional envelope detector 390, such 
as a diode, the output of which is coupled through 
45 a lowpass filter 392 to a comparator 394. The 
output of the comparator 394 is a two-level signal 
indicating presence or absence of a carrier. 

The limiter circuit 346 may comprise a cas- 
cade of one or more limiter modules 396 which 
so may optionally be a.c.-coupled through a capacitor 
398 to one another and then coupled to the fre- 
quency discriminator circuit 348. Because there is 
no energy at d.c M there is no need to direct couple 
to the QPSK demodulator 348. The QPSK de- 
55 modulator 348 includes, for example, an amplifier 
400 coupled to a power splitter 402. The power 
splitter 402 has an output coupled through a delay 
circuit 404, which introduces, for example, a 200 
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nanosecond delay, and another output is provided 
to a mixer 406. A second input from the mixer 406 
is from the delay circuit 404, thereby mixing two 
signals which in turn produces a product which is 
provided to a lowpass filter 408. The output of the 
lowpass filter 408 is provided to an equalizer 410. 
the output of which is two-level data representing 1 
and 0. Data is fed to switch 350 which is activated 
when the carrier detect signal is logically True from 
carrier detector 388. The output on the switch 350 
is provided to the MLD 352. as explained herein- 
below. 

The transmitter section 340 comprises a 
baseband filter 422 which receives three-level input 
data from the MLD 352 and provides an output 
signal to an equalizer 424. The output of the equal- 
izer 424 is fed through attenuator 426 as necessary 
to provide output level adjustment and thereafter, 
through a mixer 427 which also received an input 
from a frequency synthesizer 428 and produces an 
output at the desired output frequency for the 
downstream channel 31 2D (Figure 1) through the 
amplifier 428 and the diplex filter 332. The modula- 
tion provided by the transmitter 340 is a three-level 
class one partial response encoding scheme AM- 
PSK modulated onto a carrier, which yields one bit 
per Hertz spectral efficiency. Class one partial re- 
sponse modulation is a preferred format for simple 
modulators and demodulators where the signal is 
operating is a continuous mode. Where the signal 
is continuous, a received signal can be averaged 
and used to produce an automatic gain control 
signal to provide the desired gain. The signal origi- 
nates as a burst signal at the head end. However, 
in the MLD 352, the signal is merged with a head- 
end pseudo signal consisting of a bit stream of 1 0 
1 0 1 0 in the preferred implementation. Information 
from the source of burst signal is merged to pro- 
vide the desired encoding. Thus, the head end 
transmitter 340 always generates and transmits a 
continuous carrier to the downstream channel 
31 2D. 

Referring to Figure 8, there is shown a block 
diagram of one type of maximum likelihood detec- 
tor (MLD) 352 suitable for use in accordance with 
the invention. The MLD 352 comprises a shift reg- 
ister 430, a bit stream combiner 432 and a two- 
level to three-level data converter 434. The shift 
register 430 has associated therewith a high-speed 
clock 436 and a bit synchronizer 438. The bit 
stream combiner 432 has associated therewith a 
continuous pseudo data source 440, a function of 
which is to provide a continuous string of pseudo 
data, for example, 10 10 10 format data in a 
pseudo-idle state. The bit stream combiner com- 
bines data received from the continuous pseudo 
data source 440 and data received from the shift 
register 430 into a continuous data stream. The 



continuous data steam is then provided to the data 
converter 434 where two level data is converted to 
three level data. The output of the data converter 
434 is coupled to the transmitter 340 of the HRU 
5 314. 

The purpose of the MLD 352 is to align data 
for optimum reception. The various signals re- 
ceived in burst mode through the HRU receiver 
336. Each exhibit different phases as a result of 

w differences in distance along the upstream channel 
312U from the HRU 314, as well as differences in 
filter delays and differences in the phase of any 
local clock. The MLD 352 adjusts for differences in 
the phase of the input data so that the system 

is clock used in connection with receiving the data in 
a synchronous format can strobe the received data 
at or near the midpoint of the bit in the bit stream. 
To this end, the shift register 430 is clocked by a 
high speed clock 436 at. for example, eight times 

20 the input data rate whereby each input bit is shifted 
to eight possible positions in turn for output at a 
selected tap 442. 444, 446, 448, 450, 452, 454 or 
456. In the specific embodiment, each tap of the 
shift register thus presents an output data stream 

25 differing in time delay by one eight bit from the 
adjacent tap. The bit synchronizer 438 monitors 
each one of the taps and selects by means of 
appropriate optimization a bit stream from one of 
the taps, providing as its output a bit stream to the 

so bit stream combiner 432. The bit synchronizer 138 
may, for example, include a multiplexer and means 
for checking each of the input bit streams for errors 
due to sampling at a less than optimum phase. 
Should it be deemed unnecessary to adjust the 

35 phase automatically, the bit synchronizer may com- 
prise a simple selector switch coupling one se- 
lected tap through to the bit stream combiner 432. 

MLD 352 operates by having the bit synchro- 
nizer 438 examine the data bits as they pass along 

40 the shift register 430. The time relationship be- 
tween the rising edges and the falling edges of the 
data bits are compared to those of the system 
clock. Based upon the calculations made by the bit 
synchronizer 438, the appropriate shift register tap 

45 among the eight possible taps 442-456 is used to 
extract the data and send it to the bit stream 
combiner 432. This calculation estimates the center 
of the data bit. 

The center of the data bit must be known 

so relative to the system clock. (The system clock is 
derived from the high speed clock 436 which also 
runs the shift register 130.) The bit synchronizer 
438 examines one of the lines 442-456 and notes 
when the edges of the data bits occur with respect 

55 to each other and with respect to the system clock. 
The time relationships are measured in terms of 
the periods of the high speed clock 436. This 
examination occurs on the first portion of the in- 

10 
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coming data stream which has a preamble espe- 
cially designed to ease the task of the bit synchro- 
nizer (usually a 1 0 1 0 1 0 1 0 sequence) and also 
to allow the synchronization process to occur be- 
fore the message bits arrive. 

Referring again to Figure 9, the data clock, 
consisting of two phases CLK phase 1 and CLK 
phase 2. at the nodes is derived from the bit rate of 
the continuous downstream bit rate transmitted by 
the head end 314. Thus, the burst transmissions 
from the nodes 316, 318 to the head end 314 are 
■at a frequency known to the head end 314 but at 
an unknown phase. Once the MLD 352 determines 
the phase, that phase is constant throughout the 
burst transmission from the node 316 or 318. 
Therefore, once the MLD 352 ascertains the phase 
of the preamble it does not make any further 
adjustments for the remainder of the burst trans- 
mission from the node 316 or 318. 

The center of the bit times are calculated by 
taking the bit period, that is, the time between the 
start and the end of a bit as measured in high 
speed clock 436 periods, and dividing by two. This 
measurement can be made by a counter within bit 
synchronizer 438 which is started when a bit transi- 
tion occurs and is stopped when the next transition 
occurs. A similar counting method can be used to 
determine the time relationship between the bit 
edges and the master clock edges. The appro- 
priate shift register 430 output 442-456 to take the 
data from is found from the time relationships be- 
tween the data edges and the master clock edge. 
The implementation can be done from a look-up 
table in a memory within the bit synchronizer 438 
or can be calculated in real time with either hard- 
wired logic or a fast dedicated microprocessor. 

Within the transmitter 340, the output of the 
equalizer 424 through the attenuator 426 is pro- 
vided to a mixer 427, the output of which is coup- 
led to the amplifier 428. The mixer 427 is coupled 
to a frequency synthesizer 429 which supplies the 
local oscillator signal used to select the channel for 
the downstream channel 31 2D. 

Referring now to Figure 9, there is shown a 
detailed block diagram of the RF section of a node 
device, for example, node device B 318 in accor- 
dance with the invention, having a receiver 372, a 
diplexer 370 and transmitter 364 and voice/data 
processor 362. Understanding of the voice/data 
processor 362 is not necessary to understand the 
present invention. Its function is to provide transmit 
data to the transmitter 364. together with any clock 
signals and control signals, and to receive data 
from the receiver 372, as well as a master clock 
signal and other related clock signals. 

Referring to the receiver 372. there is shown a 
simple detector 374 with decoder 376 and clock 
recovery circuit 378. The circuitry operates at an 



intermediate frequency, and to this end is provided 
with an intermediate frequency bandpass filter 450 
with a center frequency of 57 MHz and a band- 
width of 6 MHz. It is coupled to receive a signal 

s from a mixer 452 which is coupled to receive a 
local oscillator signal from a local oscillator 454 and 
the information-carrying signal through a buffer am- 
plifier 456, The output of the IF bandpass filter 450 
is coupled to an automatic gain control circuit 452. 

w The output of the automatic gain control circuit 452 
is coupled to the detector 374, which may be a 
diode type envelope detector. A data recovery cir- 
cuit 376 is coupled to received the output of the 
envelope detector 374. 

;s The signal received through the diplex filter 

370 is a partial response three level class one 
signal, which has a desired a one bit per Hertz 
spectral efficiency. The class 1 partial response 
format is an ideal format for a simple modulator 

20 and demodulator so long as the system is operat- 
ing in a continuous mode. The operation in a 
continuous mode allows the incoming signal to 
produce an AGC signal at the AGC circuit 452 
providing compensation for the dynamic range of 

25 variations which can be expected at the input The 
data recovery circuit is a simple bit synchronous 
detector which allows recovery of the bit stream in 
connection with the recovered clock signal from a 
clock recovery circuit 378. The data recovery cir- 

30 cuit may, for example, be a J-K flipflop clocked by 
a recovered clock signal, where its output is fed to 
a suitable buffer of the voice/data processor 362. 
The clock recovery circuit 378, may be a voltage 
controlled oscillator which is steered or triggered 

35 by the edge of the transitions derived from data 
extracted from the data recovery circuit. 

The transmitter 364 comprises a even/odd bit 
separator and differential encoder 371 coupled 
through a bandpass filter 460 to a burst modulator 

40 368. The output of the burst modulator 368. which 
is an analog phase locked loop, is coupled to a 
bandpass filter 462, the output of which is coupled 
through a mixer 464 which is coupled to a local 
oscillator 466. The output of the mixer 464 is 

45 provided through a gain adjustment circuit 468 to 
an output amplifier 470, and the output amplifier 
470 is fed through a PIN switch 472 to the diplex 
filter 370. The PIN switch 472 is controlled by a 
transmit enable line 474 and is used to gate the 

so signal burst applied through the diplex filter 370 to 
the tap transmission line 330. 

The burst modulator 368 comprises an offset 
quadrature phase shift keyed (OQPSK) modulator 
476 whose data is taken from the two baseband 

55 filters 460 and whose carrier is taken from oscillator 
480. The QPSK modulator 476 is of a design 
wherein the carrier signal is split into two compo- 
nents in quadrature phase relation and then pro- 
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vided to mixers which, in turn, are mixed with input 
data bit streams which are inherently offset by one- 
half bit period. The resultant mixer outputs are 
recombined in an output modulated bit stream. The 
output modulated bit stream from the OQPSK 
modulator 476 is amplified by amplifier 478 before 
being sent to the bandpass filter 462. 

When there is data being received from the 
voice- data processor 362. it turns on the switch 472 
which allows a signal to be sent to the diplex filter 
370. The even/odd bit separator and differential 
decoder 468 then receives data from the voice/ data 
processor 362 and passes it to the burst transmit- 
ter 368 via the identical baseband filters 460. This 
offset quadrature phase shift keyed signal modu- 
lates the burst transmitter 368 between four possi- 
ble phases. At the end of a data packet, the switch 
472 is turned off. 

The invention has now been explained with 
reference to specific embodiments. Other embodi- 
ments will be apparent to those of ordinary skill in 
this art. Therefore, this invention is not to be limited 
except as indicated by the appended claims. 



Claims 

1. A communication system (10,310) compris- 
ing: 

a head end device (14,314) for receiving and trans- 
lating bursts of information received in a partial 
response format to continuous information in a par- 
tial response format and for transmitting the con- 
tinuous information; 

a first broadband communications medium 
(12U312U) coupled to the head end device; 
a second broadband communications medium 
(12D.312D) coupled to the head end device 
(14,314); and 

a plurality of node devices (16,18,316.318) each 
having modulator means (64,364) coupled to the 
first broadband communications medium 
(12U.312U) for transmitting signals upstream via 
the head end device (14.314) and having de- 
modulator means (72,372) coupled to the second 
broadband communications medium (1 2D.31 2D) for 
receiving signals downstream from the head end 
device (14,314), each modulator means (72,372) 
comprising means for communicating bursts of in- 
formation in a partial response format with zero 
energy output for a zero value input, and each 
demodulator means (72,372) comprising means for 
receiving continuous information in a partial re- 
sponse AM-PSK format. 

2. A communication system (310) comprising: 

a head end device (314) for receiving and translat- 
ing bursts of information received in a partial re- 
sponse format to continuous information in a partial 



response format and for transmitting the continuous 
information; 

a first broadband communications medium (31 2U) 
coupled to the head end device (314); 

s a second broadband communications medium 
(31 2D) coupled to the head end device (314): and 
a plurality of node devices (316.318) each having 
modulator means (364) coupled to the first broad- 
band communications medium (31 2U) for transmit- 

io ting signals upstream via the head end device 
(314) and having demodulator means (372) coupled 
to the second broadband communications medium 
(31 2D) for receiving signals downstream from the 
head end device (314), each modulator means 

75 comprising means (376) for communicating bursts 
of information in an offset quadrature phase shift 
keyed (OPSK) format, and each demodulator 
means (372) comprising means (376) for receiving 
continuous information in the OPSK format. 

20 3. A communication system as claimed in 
claim 1 or 2 wherein the modulator means (68,368) 
comprises means for transmitting the bursts of 
information with an efficiency of one bit per Hertz. 

4. A communication system as claimed in 
25 claim 1, 2 or 3 wherein the head end device 

(14,314) comprises means for transmitting (40,340) 
the continuous information with an efficiency of one 
bit per Hertz. 

5. A communication system as claimed in 
30 claim 1, 2, 3 or 4 wherein the first broadband 

communication medium (12U, 31 2U) and the sec- 
ond broadband communication medium (12D.313D) 
are separate frequency channels on a single phys- 
ical medium (12,312) and the head end device 
35 (14,314) includes a frequency translating means 
(58,358). 

6. A communication system (10) for transmit- 
ting information from a source node (16) to a target 
node (18) comprising: 

40 a head end device (14); 

a unidirectional transmitting medium (12U) coupling 

each node (1 6) in a source path to and terminating 

at the head end device (14); 

a unidirectional receiving medium (12D) originating 
45 from the head end device (14) and coupling to 

each target node (18); 

means (64) at the source node (16) for transmitting 
the information as a class four, three-level partial 
response signal on a three-frequency shift keyed 
so (FSK) carrier on the transmitting medium (12U) 
from the node (16); 
the head end device (14) comprising: 

a) head end receiving means (36) for receiv- 
55 ing the class four partial response signal, with a 
frequency modulation (FM) receiver (36) to obtain a 
received signal, the head end receiving means (36) 
including: 
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1) a limiter circuit means (46) for hard 
limiting the received signal to obtain a limited sig- 
nal within a dynamic range suitable for discrimina- 
tion; and 

2) a discriminator circuit means (48) for 
discriminating the iimited signal to extract a bit 
pattern of the information: 

b) head end translating means (52) for trans- 
ferring signals received at the head end device (14) 
of the transmitting medium (12U) to the receiving 
medium (1 2D); 

c) means (40) for transmitting continuously a 
class one. three-level partial responses signal on a 
continuous carrier on the receiving medium (12D) 
from head end device (14); and 

d) means (32) for modulating the continuous 
carrier with the bit pattern of the information when 
the bit pattern of the information is present and 
modulating the continuous carrier with a repetitive 
bit pattern when the bit pattern of the information is 
not present; and 

target node receiving means (72) for receiving the 
continuous carrier at the target node (18) on the 
receiving medium (12D), the target node receiving 
means (72) including: 

a) envelope detector means (74) for de- 
tecting the modulated continuous carrier; and 

b) analog to digital converting means (76) 
for extracting the bit pattern of said information 
from said carrier by strobing the bit pattern in 
synchronism with a system clock. 

7. A communication system (310) for transmit- 
ting information from a source node (316) to a 
target node (318) comprising: 
a head end device (314); 

a unidirectional transmitting medium (31 2U) cou- 
pling each node (316) in a source path to and 
terminating at the head end device (314); 
a unidirectional receiving medium (31 2D) originat- 
ing from the head end device (314) and coupling to 
each target node (318); 

means (364) at the source node (316) for transmit- 
ting the information as an offset quadrature phase 
shift keyed (OQPSK) signal on a carrier on the 
transmitting medium (31 2U) from the node (316); 
the head end device (314) comprising: 

1) head end receiving means (336) for re- 
ceiving the OQPSK signal with an QPSK receiver 
to obtain a received signal, the head end receiving 
means (336) including a limiter circuit means (346) 
for hard limiting the received signal to obtain a 
limited signal within a defined range; and 

b) head end translating means (352) for 
transferring signals received at the head end de- 
vice (314) of the transmitting medium (31 2U) to the 
receiving medium (31 2D); 

c) means (340) for transmitting continuously 
a class one. three-level partial response signal on a 



continuous carrier on the receiving medium (31 2D) 
from the head end device (314); and 

d) means (332) for modulating the continu- 
ous carrier with the bit pattern of the information 
5 when the bit pattern of the information is present 
and modulating the continuous carrier with a repet- 
itive bit pattern when the bit pattern of the informa- 
tion is not present; and 

target node receiving means (372) for receiving the 
w continuous carrier at the target node (318) on the 
receiving medium (31 2D), the target node receiving 
means (372) including: 

a) envelope detector means (374) for de- 
tecting the modulated continuous carrier: and 
;s b) analog to digital converting mens (376) 

for extracting the bit pattern of the information from 
the carrier by strobing the bit pattern in synchro- 
nism with a system clocks 

8. A communication system as claimed in 
20 claim 6 or 7 comprising means (62;362) coupled to 

the first node (16:316) for digitizing a voice signal 
to produce the information. 

9. A communication system as claimed in 
claim 6. 7 or 8 wherein the transmitting medium 

25 (12;312U) and the receiving medium (12D;312D) 
are separate frequency channels on a single phys- 
ical medium (12:312) and the transmitting means 
(40;340) includes a frequency translator (58;358). 

10. A communication system as claimed in 
30 claim 9 comprising a plurality of transmitting and 

receiving channels (12U.12D;31 211,31 2D) on the 
physical medium (12:312), each of the nodes 
(16.18:316,318) having means for transmitting and 
receiving on more than one channel. 

35 1 1 . A communication system as claimed in any 

preceding claim wherein the head end device 
(14,314) comprises means (52; 138:352; 438) for 
aligning in time the bit pattern of the information to 
synchronize the bit pattern of the information with 

40 the repetitive bit pattern in order to allow extraction 
of bits at an optimised time. 

12. A method of transmitting information from a 
source node (16) to a target node (18) in a commu- 
nication system (10) having a unidirectional trans- 

45 mitting medium (12U) terminating at a head end 
(14) and translated at said head end (14) onto a 
unidirectional receiving medium (12D) originating 
from said head end (14), the method comprising 
the steps of: 

so transmitting said information as a class four, three- 
level partial response signal on a three-frequency 
shift keyed (FSK) carrier on said transmitting me- 
dium (12U) from said source node (16); 
receiving said class four partial response signal 

55 with a frequency modulation (FM) receiver (36) at 
said head end (14) to obtain a received signal; 
hard limiting said received signal with a limiter 
circuit means (46) to obtain a limited signal within a 

13 
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dynamic range suitable for discrimination; 
discriminating said limited signal with a discrimina- 
tor circuit means (48) to extract a bit pattern of said 
information; 

transmitting continuously a class one, three-level 
partial response signal on a continuous carrier on 
said receiving medium (12D) from said head end 
(U); 

modulating said continuous carrier with said bit 
pattern of said information when said bit pattern of 
said information is present and modulating said 
continuous carrier with a repetitive bit pattern when 
said bit pattern of said information is not present; 
receiving said continuous carrier at said target 
node (18) on said receiving medium (12D); 
detecting said modulated continuous carrier with an 
envelope detector means (74); and 
extracting said bit pattern of said information from 
said modulated continuous carrier by strobing said 
bit pattern in synchronism with a system clock 
(136). 

13. A method of transmitting information from a 
source node (316) to target node (318) in a com- 
munication system (310) having a unidirectional 
transmitting medium (31 2U) terminating at a head 
end (314) and translated at said head end onto a 
unidirectional receiving medium (31 2D) originating 
from said head end (314), the method comprising 
the steps of: 

transmitting said information as an offset quadra- 
ture phase shift keyed (OQPSK) signal on a carrier 
on said transmitting medium (31 2U) from said 
source node (316); 

receiving said OQPSK with an OQPSK receiver 
(336) at said head end (314) to obtain a received 
signal; 

hard limiting said received signal with a limiter 
circuit means (346) to obtain a limited signal within 
a defined dynamic range; 

transmitting continuously a class one, three-level 
partial response signal on a continuous carrier on 
said receiving medium (31 2D) from said head end 
(314); 

modulating said continuous carrier with said bit 
pattern of said information when said bit pattern of 
said information is present and modulating said 
continuous carrier with a repetitive bit pattern when 
said bit pattern of said information is not present; 
receiving said continuous carrier at said target 
node (318) on said receiving medium; 
detecting said modulated continuous carrier with an 
envelope detector means (374); and 
extracting said bit pattern of said information from 
said modulated continuous carrier by strobing said 
bit pattern in synchronism with a system clock. 

14. A method as claimed in claim 12 or 13 
comprising the step of aligning in time the bit 
pattern of the information at the head end (14;314) 



to synchronize the bit pattern of the information 
with the repetitive bit pattern in order to allow 
extraction of bits at an optimised time. 

15. A method as claimed in claim 12. 13 or 14 
5 comprising the step of digitizing a voice signal to 

produce the information. 

16. A method as claimed in claim 12, 13, 14 or 
15 wherein the signal transmitting step includes 
asynchronously transmitting the information in 

jo bursts. 
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© A communication network (10,310) having a first 
broadband communications channel or transmitting 
bus (12U.312U) and a second broadband commu- 
nications channel or receiving bus (12D.312D) 
wherein the first broadband communications channel 
(12U, 31 2U) is for passing information upstream to a 
head end (14, 314) and the second broadband com- 
munications channel (12D, 312D) is for passing in- 
formation downstream from the head end (14, 314) 
to remote nodes (16, 18, 316, 318). All nodes of the 
system art coupled to both the first communications 
channel (t2U, 31 2U) and the second communica- 
tions channel (12D, 31 2D). Modulation of signals 
applied to the first communcation channel (12U, 
312U) is optimized for burst communication from a 
plurality of sources (16, 18, 316, 318) to central 
control at the head end (14,314), and modulation 
applied to the second communications channel (12D, 
31 2D) is optimized for continuous communication 
from the central source to a target node (16, 18, 316, 
318). 
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